Anorexia nervosa (AN) is a complicated and life-threatening mental illness. Restoration of weight and nutrition rehabilitation are key elements for the treatment of AN. However, gastrointestinal (GI) complications develop due to eating disorder behaviors, concomitant malnutrition, and during the refeeding process. These problems may give rise to significant medical sequela and contribute to increased difficulties with the critically important refeeding and weight restoration. Thus, this review aims to describe complications that may occur when refeeding a patient with AN including delayed gastric emptying, constipation, gastric dilatation, superior mesenteric artery (SMA) syndrome, refeeding hepatitis, and refeeding syndrome. It will also provide medical practitioners with a better understanding of the current nutritional recommendations for refeeding a patient with AN. This knowledge is required for correct management, successful nutritional rehabilitation, and improved treatment outcomes of patients with AN.
Introduction
Anorexia nervosa (AN) is a serious psychiatric illness. The American Psychiatric Association (DSM-5) defines AN via three key components: 1) Restriction of energy intake relative to requirements, leading to significantly low body weight (weight less than minimally normal), 2) Intense fear of gaining weight or becoming fat, or persistent behavior that interferes with weight gain, 3) Disturbance in the way in which one's body weight or shape is experienced, undue influence of body weight or shape on self-evaluation, or persistent lack of recognition of the seriousness of the current low body wt. [1] . AN is divided into two subtypes, restricting and binge/purge; it can also be defined in severity by an individual's body mass index (BMI) [1] . Effective medications geared specifically for the treatment of AN have yet to be defined. Overall, the evidence base for treatment therein remains weak [2] . Individuals with eating disorders, including AN, often have coexisting mental health concerns including mood, anxiety, impulse control, or substance abuse disorders. Eating disorders also have the highest rate of medical complications among all psychiatric disorders [3] .
Several factors, such as childhood eating and gastrointestinal problems, increased body image concerns, negative self-evaluation and sexual abuse, have all been identified as possible etiologic factors in the development of AN [4] . While research on the genetic predisposition for developing eating disorders continues to progress, it is increasingly clear from twin studies that approximately 60% of the variance in risk for developing AN is due to genetic factors [5] . Genetics studies have also revealed that serotoninassociated genes have been related to an increase in AN [6] . Specific temperament traits have been associated with the development of AN, including a history of global childhood rigidity and increased persistence. Individuals with temperaments indicating increased harm-avoidance, less self-directedness, less reward-dependence, more persistence, and lower levels of novelty seeking, are more likely to develop AN [6] . In the end, the combination of genetics, biology, temperament, and environment all play a role in the development of AN [3] .
In samples of mainly young women from the United States and Europe, the average point prevalence of AN has been found to be 0.3% [7] and the prevalence of AN among adult men is 0.1% [8] . From 1935-1999, a significant increase in the development of AN was observed, particularly in females ages 15-24 years of age [9] . The most common age of onset for AN is 15-19 years, however the incidence appears to be increasing in the pre-pubertal period and in older adults [2] .
When compared to individuals with other eating disorders, those with AN have a greater incidence of relapse and a higher mortality rate [3] . Standardized mortality rates from AN are 12 times are higher than the annual death rate from all causes of death among females aged 15 to 24 years in the general population. Recovery rates for adolescents at 10-15 years of follow-up were much higher at 69-75.8%, as opposed to adults diagnosed later in life who had only a 30-50% chance of achieving full recovery [3] .
AN patients present with psychological, medical, and nutrition concerns, which is why the approach of a multidisciplinary team is imperative for positive treatment outcomes [10] . The registered dietitian (RD) plays a crucial role as a part of the multidisciplinary treatment team, possessing unique skills to apply medical nutrition therapy and assist with medical monitoring, while also addressing food-related behaviors [3, 11] . The RD is the member of the multidisciplinary team who often guides the weight restoration process by determining a starting kilocalorie point for the patient's meal plan and working with the patient to apply continuous increases in energy intake while monitoring patterns of weight gain as well as any medical side effects from the refeeding process [10, 12] . Weight restoration has been shown to be absolutely essential in rehabilitation and recovery from AN, and has been associated with positive short and long-term outcomes, as well as an improvement in several psychological and medical complications [12] .
Given the centrality of food in the treatment of patients with AN and the significance that weight restoration plays in the recovery from AN, it is important to understand the gastrointestinal complications, which often occur and may frustrate sustained weight gain. On a very rudimentary level, all of these complications are a direct result of prolonged starvation and weight loss, but they generally will resolve as the patient undergoes nutritional rehabilitation. The purpose of this paper is to explore the role that these complications, including delayed gastric emptying, constipation, gastric dilatation, superior mesenteric artery (SMA) syndrome, refeeding hepatitis, and refeeding syndrome, may play in the treatment of AN. The body of rigorous, eating disorder-specific literature on this topical area is not robust enough to perform a systematic review for the topics discussed as defined by PRISMA guidelines.
Therefore, a qualitative review of mostly medical literature was conducted.
Delayed Gastric Emptying
Symptoms of gastroparesis, i.e. delayed gastric emptying, are often described by patients with AN secondary to weight loss and restrictive food intake [13] [14] [15] . These include symptoms of fullness, early satiety and nausea. Research has shown that postprandial fullness and abdominal distention are reported early on in the refeeding process in over 90% of cases [13, 16] . Diagnosis of gastroparesis can be objectively defined by finding delayed gastric emptying without gastric obstruction during a nuclear medicine gastric emptying study (scintigraphy) [17] . However, because research suggests a poor correlation between severity of reported symptoms and the diagnosis of impaired gastric motility; empiric diet modifications may be prudent to improve patient symptoms and their ability to obtain adequate nutrition, without the need of subjecting every patient to a definitive nuclear medicine study [15] . Nuclear medicine testing is likely only necessary if symptoms persist despite significant nutritional rehabilitation and in more refractory cases. In fact, as patients gain weight and BMI increases with nutrition and psychotherapy, reports of GI discomfort and early satiety have been shown to significantly improve [13, 18] .
Research has shown that various textures and nutritional content of meals can impact symptoms of delayed gastric emptying. This includes both higher calorie content of a meal, as well as smaller particle size of meal components [19] . Diet modification recommendations to achieve adequate nutrition in AN are based on known physiological processes of food and nutrient digestion, notwithstanding a paucity of controlled studies. Small particle size feeds have also been previously found to enhance the rate of gastric emptying [20, 21] . Adjusting particle size may include blending foods, processing food in a food processor, or simply including easy to chew and mashed foods, while avoiding foods with peels, husks, stringy membranes, seeds, grains, compact foods, and foods known to be poorly digestible particles [20] .
It is also appropriate to encourage adequate chewing of food, smaller and more frequent meals (4-6 meals per day), low fat meal content and low residue content of meals for delayed gastric emptying [21] . Utilizing liquid calories to help enhance the emptying process, including fat containing liquids, may improve symptoms [22] . Additional recommendations include avoiding carbonated beverages to prevent distention of the stomach and eliminating alcohol consumption to prevent further slowing of gastric emptying [23, 24] .
In cases where weight restoration goals are not achieved orally, the patient, doctor, and dietitian may assess that enteral nutrition is the appropriate means for nutrition. There are several options for placement of feeding tubes, including nasogastric, percutaneous gastrostomy, jejunostomy or a nasojejunal tube [25] . Enteral formula preparations of 1.0-1.5 calories per milliliter (mL), initiated at a slow infusion rate of 25-50 mL/hr and gradually increased by 10-25 mL/hr every 24-48 hours, are utilized to achieve 2-3 lbs of weight gain per week. In some cases, gastroparesis can also be associated with poor motility in the small bowel. Although considered a last resort, total parenteral nutrition (TPN) may be appropriated for the rare patient with a severe delay in motility [26] .
Finally, medications may be deemed necessary to relieve symptoms of gastroparesis and hasten gastric emptying. Prokinetic medications such as low dose metoclopramide (2.5 mg), 30 minutes before meals or azithromycin (250 mg) given once daily may improve contraction of the gastrointestinal tract. The appropriateness of these medications is judiciously determined by the patient and doctor based on different individual treatment factors. Their ongoing need should be reevaluated within a few weeks of initiation, as delayed gastric emptying seems to resolve over time [25] .
Constipation
Complaints of constipation are frequent in patients with AN and can be associated with weight loss. This is likely related to the misperception of stool frequency and quantity as a result of laxative abuse, which the patient may believe to help reduce calorie absorption [27] . Due to decreased caloric intake and decreased motility of the GI tract, slowed GI transit times and reflex hypofunction of the colon are real phenomena in anorexia nervosa [28] . Weight restoration can improve colonic motility and prevent progressive constipation, in addition to diet modifications and medical therapy. Ensuring adequate fluid intake can often aid in symptom relief. Stimulant laxatives are not recommended, as not only can they also cause painful cramping, but also they can cause damage to colonic nerve cells [27] . The preferred treatment modalities are osmotic laxatives, such as polyethylene glycol powder and lactulose, dosed based on the frequency of defecation [27] .
Gastric Dilatation
As previously explained, patients with AN have delayed gastric emptying and poor GI motility from their malnutrition, which in turn can increase the risk of rare, but severe, gastric dilatation during refeeding [29] . Reducing the chance of gastric dilatation requires an approach of carful monitoring of electrolytes to achieve normal serum levels and gradually incorporating increased calories and oral intake. Symptoms that should prompt a search for gastric dilatation include GI distention, left upper quadrant pain, bloating, nausea, vomiting, and hypoactive bowel sounds [29] [30] [31] . Monitoring for this by obtaining a plain abdominal radiograph can prevent more severe consequences including gastric perforation or superior mesenteric artery syndrome [31] . Treatment of acute gastric dilatation includes temporary cessation of oral food intake while nasogastric suction is initiated to remove stomach contents. Once decompression is completed, the tube is removed and the patient's diet is cautiously advanced to clear liquids, and then full liquids as tolerated before returning to a full diet [29] [30] [31] .
Superior Mesenteric Artery (SMA) Syndrome
One additional mechanical complication, which can impede weight restoration, is known as the superior mesenteric artery (SMA) syndrome. While this has been described as a rare problem, this syndrome is observed in severe AN due to the significant weight loss. SMA syndrome impacts between 0.013% and 0.3% of the general population and is more commonly observed in females between 10 and 39 years of age [32] . Conditions such as trauma to the spine, wasting diseases like cancer and burns, and malnourished states, as a result of malabsorption and anorexia nervosa result in the loss of the mesenteric fat pad to cause SMA syndrome (Figure 1) [29] . Reduction of this fat pad, which lies between the duodenum and the spine allows the SMA to compress the duodenum against the vertebrae. In the absence of an appropriate fatty support, the angle at which the SMA leaves the aorta promotes more compression of the third portion of the duodenum [33] .
SMA syndrome manifests with nonspecific symptoms of nausea, vomiting, early satiety, and postprandial epigastric pain due to a significant reduction in the luminal diameter of the duodenum [33] . The postprandial epigastric pain is a common symptom of SMA syndrome and usually begins 15-30 minutes following eating, lasts for 2-3 hours, and gradually subsides. In some rare instances, an abdominal bruit can be found on physical examination [34] .
Radiologic diagnostic findings of SMA syndrome, by an upper GI barium series or abdominal contrast computerized tomography (CT), include an angle between the aorta and SMA of less than 25° and an aortic-mesenteric distance of less than 8 mm [35, 36] . While the clinical manifestations of SMA syndrome are somewhat nonspecific, the diagnosis of SMA syndrome can be confidently confirmed through these radiology procedures.
The presentation of SMA syndrome in the setting of AN is uniquely challenging due to the overlapping signs and symptoms inherent to AN and SMA syndrome. Thus, the diagnosis is often delayed and this delay can exacerbate AN, as these symptoms inhibit the critically important caloric intake needed for weight restoration and resolution of SMA syndrome. Recognition of SMA syndrome in anorexia nervosa is vital to prevent worsening weight loss along with serious complications such as electrolyte imbalance, further malnutrition, gastric dilation, and even death [32] .
The treatment for SMA syndrome is aimed at restoring the mesenteric fat pad and cushioning the mesenteric bundle [29] . This can generally be achieved through nutritional therapy. Surgical treatment is only very rarely indicated if conservative management fails or symptoms are unrelieved by weight gain and repletion of the mesenteric fat stores [36] . The most common surgical operation for SMA syndrome is duodenojejunostomy, in which the compressed portion of the duodenum is bypassed by constructing an anastomosis between the 2 nd portion of the duodenum and proximal jejunum anterior to the superior mesenteric artery [37] .
While SMA syndrome in the setting of AN has been recognized, little has been published regarding successful management and treatment [38] . Conservative treatment via weight restoration is almost always recommended for SMA syndrome in AN [39] due to the typically young age of this patient population and acute onset of symptoms. Thus, oral feeds should be initiated and advanced as tolerated. The feeds should consist of liquids and soft foods as small volume meals with provision of oral liquid supplements. This can be used to progressively increase caloric intake and enhance weight restoration. Postprandial positions such as knee-chest, assumption of the left lateral decubitus, or prone positions have been found to alleviate SMA syndrome symptoms. Promotility agents, such as metoclopramide, are generally not appropriate since increasing upper GI motility when a distal duodenal obstruction is present, increases the pain component. Antiemetics can be supportive [36, 39] . Most importantly, symptoms of SMA syndrome will resolve fairly quickly with restoration of the lost weight. This in turn restores the fat pad, increases the aortomesenteric angle, relieves the extrinsic compression of the superior mesenteric artery on the underlying duodenum, and normal GI function is restored [40] . Recent data indicate that conservative, nutritional management is successful in 70-80% of cases [32] . However, enteral feeding with a nasojejunal tube (NJT) or surgically placed gastrojejunostomy tube (PEG-J) distal to the compression site is the next step after a trial of oral feeding has failed.
Refeeding Hepatitis
Mild abnormalities in liver function tests are frequently seen in patients with AN, with an increase in serum aminotransferase levels (AST, ALT) found in up to 60% of patients. As such, the 2006 practice guidelines of American Psychiatric Association recommend the systematic assessment of liver function tests [41] . The possible mechanism of liver damage in AN was studied by Rautou et al. [41] , who showed an up-regulation of the homeostatic mechanism, in which autophagy and the resultant increased permeability of the hepatocyte plasma membrane, are responsible for the elevated aminotransferase levels when hepatocyte necrosis is not present. The inverse relationship between hypertransaminasemia and BMI is well described [41] [42] [43] [44] [45] . Hypertransaminasemia and refeeding steatosis can also occur soon after nutrition therapy has been initiated in AN [46] . While the link between transaminitis and steatosis has not been proven in AN, clinical experience suggests that it does occur across a wide acuity spectrum during the later refeeding stages when apoptosis is no longer relevant. When AST and ALT become elevated in these situations, they improve with a reduction in carbohydrate-derived calories, especially in those being fed enterally. Excessive dextrose calories or use of total parenteral nutrition have been implicated as potential causes of refeeding steatosis [47] [48] [49] . The medical nutrition therapy required if hypertransaminasemia is found in AN depends on the pathology of the liver enzyme elevation. A liver ultrasound may be useful when trying to determine the etiology of enzyme elevation. If the liver ultrasound shows a small shrunken liver with normal echo texture, the enzyme elevations can likely be attributed to starvation-induced abnormalities (autophagy) where the treatment is continued feeding. If, however, the ultrasound demonstrates a large fatty liver, it indicates refeeding steatosis where the treatment is rather a reduction in dextrose-based calories. In addition to the liver ultrasound, weight gain or the lack thereof may be an important distinguishing factor between refeeding liver function abnormalities and starvation-induced abnormalities [47] .
Refeeding Syndrome
When refeeding a patient with anorexia nervosa (AN), medical practitioners must be cautious of the refeeding syndrome, a set of metabolic complications that can occur early on during the refeeding process. When it occurs, refeeding syndrome consists of medical complications and shifts in fluid and electrolytes in malnourished patients who are being fed orally, enterally, or parenterally [50] . Although refeeding syndrome is multi-faceted, hypophosphatemia (low serum phosphate level) is recognized as playing a major role in the onset of the syndrome. Phosphorus levels are depleted in starved patients, and this can be further exacerbated during the initial phase of refeeding. When the body begins to process carbohydrates, insulin is released, which causes glucose and phosphorus to move into the body's cells, thereby worsening the already present state of hypophosphatemia [50] . In turn, production of adenosine-5-triphosphate (ATP) and 2, 3-diphosphoglycerate (2,3 DPG) are reduced. Inadequate production of ATP and 2,3 DPG can result in organ dysfunction, cell death, acute respiratory and cardiac failure, tissue hypoxia, and hemolysis ( Figure  2 ) [51] .
In addition to hypophosphatemia, other electrolyte abnormalities may occur with the refeeding syndrome. These include decreases in serum potassium, magnesium, sodium, and thiamine levels, which can In addition to electrolyte shifts, cardiac complications can also occur during the early refeeding process although these are rare. Patients with AN have diminished cardiac muscle mass as part of their overall weight loss, which can lead to difficulty tolerating the increased plasma volume that comes with refeeding. When a patient begins to take in nutrition, the cardiac system can become overwhelmed, leading to peripheral edema, arrhythmias, and although uncommon, heart failure [50, 51] .
Successful management of refeeding syndrome starts with prevention. If judiciously approached, this is almost always preventable. It has been identified that three components play a role in preventing the refeeding syndrome. These are: early identification of at risk patients, close monitoring during refeeding, and an appropriate refeeding regimen [58] . Patients with one or more of the following are said to be at high risk for refeeding syndrome: BMI <16 kg/m 2 , unintentional weight loss of >15% in the past 3-6 months, little or no nutritional intake for >10 days, or low levels of potassium, phosphorus, or magnesium before refeeding. A patient with two or more of the following is also at high risk for refeeding syndrome: BMI < 18.5 kg/m 2 , unintentional weight loss of >10% in the past 3-6 months, little or no nutritional intake from >5 days, and history of alcohol or drug misuse [59] . Patients should be screened for risk of refeeding syndrome by obtaining a detailed history, clinical examination, and laboratory testing. Early intervention with a nutrition support team is crucial. This team should include a RD to perform nutritional assessments and oversee the refeeding process. Clinical evaluation and monitoring plays a crucial role in avoiding refeeding syndrome (Table 2 ) [50] .
The refeeding meal plan should be prescribed and managed by a RD. The amount of calories initiated in AN is certainly gathering more recent interest. However, the National Institute of Health and Clinical Excellence (NICE) criteria continue to mention initial lower rates of refeeding starting at 5-10 kcal/kg/day for patients who are at high risk for refeeding, and 25-30 kcal/kg/day for patients that are not at risk of refeeding [60] . Typically patients starting the refeeding process may start on a meal plan between 1400-1600 kcal per day, or about 20-40 kcal/kg of body weight [61, 62] . Patients with AN binge/purge subtype may tolerate an initial meal plan that is higher than that for a patient with AN restrictive type. The RD will then increase the meal plan 300-400 kcal every 3-4 days to achieve 2-4 pounds of weight gain per week [59, 60] .
Electrolytes, phosphorus, and liver tests are closely monitored every 1-2 days during the first week or two of refeeding. If the patient develops abnormalities in phosphorus or other electrolytes, they would be aggressively repleted with oral supplements. On rare occasions, intravenous supplementation would be required when potassium is < 2.5 meq/L or phosphorus is < 2.1 meq/L [62] . In order to weight restore at an appropriate rate, patients may ultimately need a meal plan that contains 70-100 kcal/kg of body weight [61] . When patients become hypermetabolic or as they approach their ideal body weight range, they may need meal plans at the higher end of the 70-100 kcal/ kg of body weight range [61] . Typically, macronutrient makeup of the refeeding meal plan should include: 50-55% carbohydrates, 30% dietary fat, and protein intake of 1.5-2 g/kg of body weight [61] .
Ideally, patients should be fed orally in order to utilize and rehabilitate the GI tract. However, alternate modes of refeeding can be utilized if clinically indicated and judiciously deemed necessary by the clinical team, including the RD. Enteral nutrition (EN) therapy and very rarely total parenteral nutrition (TPN) may be indicated in patients who fail to gain weight on an oral meal plan, experience ongoing life-threatening weight loss, or who present with worsening psychological state even with standard intervention and treatment. However, due to the potential medical complications associated with these alternate modes, oral refeeding remains the Identify patients at risk (e.g. any patient who is chronically malnourished or who has note eaten for seven to ten days).
Measure serum electrolyte levels and correct abnormalities before refeeding.
Obtain serum chemistry values in phosphorus every other day for the first seven to ten days, then weekly during the remainder of refeeding.
Attempt to slowly increase daily caloric intake by 300 to 400 kcals every three to four days until level of caloric intake is adequate.
Monitor patient carefully for development of tachycardia and edema.
preferred method [59] .
Conclusion
In summary, anorexia nervosa has a litany of serious medical complications, which if ignored can be fatal. Most commonly noted by the patient with AN are their gastrointestinal complications, such as gastroparesis or delayed gastric emptying, constipation, gastric dilatation, superior mesenteric artery syndrome, refeeding hepatitis, and refeeding syndrome, all of which can impede adequate caloric intake, weight restoration, and resolution of symptoms. Many of these complications can be difficult to distinguish from the somatic complaints that follow eating disorder patients; therefore, successful treatment requires a team to include a dietitian, physician, and psychiatrist. Multidisciplinary care can recognize and prevent most of these GI complications from becoming worse in order to achieve successful weight restoration and overall treatment outcome.
